Abstract The finishing characteristics of heat-treated and compressed Rubberwood were studied. It was found that heat-treated samples had significantly lower finish adhesion strength compared to the conventionally kiln-dried Rubberwood samples, which were used as control specimens. Further, compression of the specimens had also reduced its surface roughness, with an adverse effect on the finish adhesion strength. Inevitably, the use of heat treated and compressed wood in furniture may be suitable for applications, where lower finish adhesion strength could be tolerated at the expense of better finish film quality and process economics, especially in the manufacture of outdoor wooden furniture.
Introduction
The effects of heat treatment on wood are not only dependent on the wood species, but also the temperature regimes applied (Ratnasingam 2010) . Although, heat treated wood is generally more dimensionally stable, the reduction in strength properties and also the high process costs cast a doubt over its suitability for use in high volume production environments (Ratnasingam 2010) . This is particularly true in the case of Rubberwood (Hevea brasiliensis), which is extensively used in high volume wooden furniture manufacturing in the South East Asian region. Further, the effects of heat treatment on the finishing characteristics of the wood is not well established (Ratnasingam and Ioras 2012) , and such information is important to ensure the successful use of heat treated Rubberwood in wooden furniture manufacturing. Therefore, a study was undertaken to determine the finishing characteristics of heat treated Rubberwood.
Methodology
Heat-treated and conventionally kiln dried Rubberwood (H. brasiliensis) specimens of 20 mm 9 100 mm 9 250 mm were obtained from a commercial supplier. The heat-treatment regime applied to the specimens was a temperature of 150°C for 6 h, as it was found to be most suitable for Rubberwood (Ratnasingam 2010) . The defect free specimens with tangential grain orientation were planned to a final thickness of 18 mm, and were left in a conditioning chamber maintained at 65 % relative humidity and a temperature of 20°C, until an equilibrium moisture content of 12 % was achieved. Equal number of specimens from both types of experimental materials was compressed using a Carver press for 5 min with a pressure of 2.0 MPa. Four sets of specimens were used in this study, i.e., control specimens (conventionally kiln dried with and without compression) and heat treated specimens (with and without compression), which resulted in a total of 60 specimens. The changes in density and strength properties of the specimens were evaluated according to the ASTM D143-09 standard prior to experimentation. Six surface roughness (expressed as average surface roughness R a ) measurements were made on all specimens using the stylus-based Mitutoyo Surftest SJ-301 roughness recorder method across the grain, over a tracing distance of 50 mm. The contact angle of the surfaces, which indirectly reflected the surface roughness of the specimen was also measured as reported in Rijckaert et al. (2001) . The contact angle of a droplet of water as described in the sessile drop technique was determined at intervals of 0, 5 and 10 s. A clear urea-formaldehyde lacquer (with a volume solid content of 44 %) was applied on the surfaces of the samples to the target dry film thickness of 120 lm, as reported by Ratnasingam and Scholz (2006) . After overnight curing in the climatic chamber maintained at a temperature of 20°C with a relative humidity of 65 %, the specimens were subjected to the adhesion strength and surface sheen tests as described by Rijckaert et al. (2001) . Table 1 shows the average surface roughness properties of the experimental materials used in this study. Based on the results, it is obvious that heat treatment had adversely affected the density, which will inevitably have a proportionate reducing effect on the strength properties, while compression had densified the experimental materials, which in turn increases its strength. It appears that compression had an effect of counteracting the effects of strength losses in heat treated specimens.
Results
The results of the study show that surface quality of the experimental specimens were generally improved after exposure to heat treatment and compression (Table 1) . The conventionally kiln dried rubberwood specimens had an average roughness R a value of 197 lm, while the heattreated specimens had an average roughness R a of 156 lm.
The heat treated and compressed specimens had an average roughness R a of 128 lm, reflecting that heat treatment and compression had significantly reduced the surface roughness of the specimens. The water contact angle measurements made on the experimental specimens confirms that heat treated and compressed specimens have the lowest surface roughness (Table 1) . A lower contact angle shows that the surface is smoother and vice versa. Increasing surface roughness will decrease the absorption of the water droplet, due to the increased tendency of water to be captured by capillary forces emerging from the greater surface area exposed in the specimens with the rougher surface. In other words, smoother surfaces improve its wettability which is important for a good finish film formation. Obviously, this affects the bonding strength as well as the amount of finish material required for the specimens, as shown in Table 1 . As reported previously by Ratnasingam and Scholz (2006) , there is a direct relationship between wood surface roughness, finish film spread, finish adhesion strength and finish surface sheen. It is obvious that heat treated and compressed specimens had least surface roughness, which reduced the adhesion strength and also the amount of finish material required to achieve the target film thickness. Inevitably, the results of this study show that heat treated specimens without compression produced the most desirable finish both in terms of finish quality and cost. Previous work has shown that heat-treatment causes a collapse in the cellular structure of the wood, which retards the penetration of adhesives into the material (Ratnasingam 2010 ).
Industrial implications
The results of this study will influence the use of heattreated wood materials for furniture applications. Although heat treated and compressed wood will require less finish material to achieve the desirable finish quality with the All values based on an average of 10 samples
Values in parentheses are standard deviations KD kiln dried, HT heat treated a The amount of finish material applied has a direct bearing on the process cost least processing cost, it adversely affects the finish adhesion strength. Inevitably, the study show that the use of heat treated wood will be specific the furniture applications, where compromises in finish adhesion strength could be tolerated at the expense of better finish quality and process economics. Further, the environmental profile of heat treated timber is likely to increase in the future. Of the modification processes that are applied to timber to improve appearance, dimensional stability and durability the heat treatments are most economically sound as it can contribute to reduction of adhesive and increase the finish film quality, especially in the manufacture of outdoor wooden furniture.
